Aims Iron deficiency (ID) is highly prevalent in patients with heart failure (HF) worldwide regardless of haemoglobin levels. Results from therapeutic trials of intermittently dosed intravenous (i.v.) iron are promising in the ambulatory Caucasian population with HF with reduced left ventricular ejection fraction, although evidence is scarce in Asia. The Pilot Randomized Controlled Trial to Assess the Role of Intravenous Ferric Carboxymaltose in Asian Patients with Heart Failure aims to assess the effect of single-dose i.v. ferric carboxymaltose (FCM) in a multi-ethnic Asian population with HF and ID.
Introduction
Heart failure (HF) is a significant and worsening burden in Asia, with rising hospital admissions across the region in recent years. 1, 2 Of more concern is that HF affects Asians at a younger age compared with their Western counterparts from the USA and Europe, with the average age of Asian patients being 66 years in the ADHERE International Asia Pacific Registry compared with a median age of 75 years in the US-based ADHERE Registry and a mean age of 70 years in the European Heart Failure Survey II. 3, 4 Despite their younger age, Asian patients were more symptomatic than Western patients. Furthermore, compared with HF patients in the USA, Asian patients had longer lengths of stay and higher in-hospital mortality. 3 These data highlight the huge public health burden and large unmet needs of HF in Asia. There is an urgent need for simple, accessible, effective therapies for patients with HF in Asia.
Iron deficiency (ID) has recently emerged as an important therapeutic target in HF. Beyond being the commonest cause of anaemia in patients with HF, ID is highly prevalent in HF even in the absence of anaemia. In fact, 50% of European patients with HF have coexisting ID regardless of anaemia, [5] [6] [7] and the prevalence of ID in Asian patients with HF is even higher (61% overall, rising to 80% in those of Indian ethnicity). 8 Furthermore, we recently showed in our multiethnic Asian HF population that ID was independently associated with impaired exercise capacity, worse quality of life, and increased risk of the composite endpoint of death or HF hospitalization, regardless of left ventricular ejection fraction (LVEF). 8 These data are consistent with findings from Western HF populations [9] [10] [11] and provide significant support for ID as a key therapeutic target in HF.
Prior to ID being identified as a therapeutic target in HF, anaemia was associated with poor outcomes in patients with HF and thought to be a main contributor in the pathophysiology of HF. 12, 13 Indeed, several approaches to treat anaemia have been tested in clinical trials, including therapeutic blood transfusion and erythropoiesis-stimulating agents (ESAs). 14 However, correction of anaemia did not lead to improvement in survival or clinically meaningful change in quality of life and conversely increased the risk for thrombo-embolic adverse events. 15, 16 As such, emphasis has shifted towards addressing ID instead.
Direct iron therapy has been tested in HF: oral iron supplementation did not show clinically meaningful benefits in studies compared with ESAs in patients with HF and anaemia. 17, 18 On the other hand, intravenous (i.v.) iron therapy showed efficacy in small early clinical studies. [19] [20] [21] [22] The Ferinject Assessment in patients with IRon deficiency and chronic Heart Failure (FAIR-HF) study was the landmark large, randomized, double-blind, placebo-controlled trial, which showed that treatment with i.v. ferric carboxymaltose (FCM) in repeated 200 mg doses amounting to an average of 1851 mg of iron per subject over a mean of 9.46 injections improved symptoms, exercise capacity, and quality of life at 6 months in ambulatory stable HF patients (LVEF ≤45%) with ID irrespective of the presence or absence of anaemia. 23, 24 Most recently, the Ferric CarboxymaltOse evaluatioN on perFormance in patients with IRon deficiency in coMbination with chronic Heart Failure (CONFIRM-HF) trial was completed. This was a multicentre randomized double-blind placebocontrolled trial of i.v. FCM given in two phases-one to two injections between 500 and 2000 mg in the therapy phase (dosed at baseline and Week 6) and further 500 mg injections at each of Weeks 12, 24, and 36 in the maintenance phase if ID was not corrected-in stable ambulatory HF patients with LVEF ≤45% and ID. At Week 24, there was a significant increase in the primary endpoint of 6-min walk test (6MWT) distance by 33 ± 11 m with treatment compared with placebo (P = 0.002), independent of the presence or absence of anaemia. This improvement was sustained to 52 weeks and associated with a significant reduction in the risk of hospitalizations for worsening HF [hazard ratio (95% confidence interval): 0.39 (0.19 -0.82), P = 0.009]. 25 These recent studies have provided strong rationale for the evaluation and treatment of ID in patients with HF. As a result, the most recent European Society of Cardiology Guidelines for management of HF have given a Class I recommendation for ID testing in all HF patients and recommend consideration of iron therapy in those found to be deficient. 26 However, none of the clinical trials so far included Asian HF patients, in whom there may be intrinsic differences in ironhandling mechanisms. 8 Furthermore, current clinical trial evidence is limited to the ambulatory setting and patients with HF with reduced ejection fraction (HFrEF), leaving evidence gaps for the half of the HF population with preserved ejection fraction (HFpEF) as well as higher-risk hospitalized HF patients.
We therefore designed the Pilot Randomized Controlled Trial to Assess the Role of Intravenous Ferric Carboxymaltose in Asian Patients with Heart Failure (PRACTICE-ASIA-HF) to assess the role of single-dose i.v. FCM in stabilized Asian patients following hospitalization for HF (regardless of LVEF) and found to have concurrent ID.
Methods

Study design
The PRACTICE-ASIA-HF is an open-label, randomized, placebocontrolled trial conducted in two large tertiary centres in Singapore. The schematic study design is presented in Figure 1 .
The study is conducted in accordance with the principles of the World Medical Association Declaration of Helsinki on ethics in medical research and International Conference on Harmonization guidelines for Good Clinical Practice, with approval by the local ethics institutional regulatory board. Informed consent was obtained for all eligible participants.
Eligibility
All patients hospitalized for acute decompensated HF (diagnosed clinically based on the European Society of Cardiology guidelines), regardless of LVEF, and with concurrent ID [defined as serum ferritin <300 ng/mL if transferrin saturation <20%] are eligible for the study. Further inclusion criteria are ability to complete the 6MWT and age 21 years and above. Subjects with haemoglobin levels above 14 g/dL are excluded because of the risk of iron overload with i.v. iron supplementation. In addition, subjects with known sensitivity to FCM, who received i.v. iron therapy or blood transfusions within 4 weeks prior to randomization, with body weight ≤35 kg or with diagnosed iron storage disorders (e.g. haemochromatosis) are excluded. Patients with serious medical conditions, either cardiac (e.g. acute coronary syndrome and acute valvular heart dysfunction) or non-cardiac (e.g. active bacterial infection) in nature, which are deemed prohibitive to study participation or completion by the investigators, are also excluded. 
Screening and randomization
Subjects were randomized in a 1:1 ratio to FCM or placebo using a phone-based system where investigators received a treatment code by phone from an off-site staff not involved in the screening process. These codes were prepared in randomized blocks of four for each site by an independent statistician.
Study treatment
Active treatment Intravenous FCM solution (Ferinject®, Vifor Pharma) contains 50 mg iron/mL. Eligible subjects received a single dose of FCM 1000 mg administered as 20 mL of an undiluted slow i.v. bolus injection over 15 min.
Placebo
An equivalent volume of i.v. normal saline 0.9% (i.e. 20 mL) was used as a placebo.
The use of oral iron supplementation was permitted in all subjects.
Assessments
Recruited subjects undergo physical examination, electrocardiogram, blood sampling, 6MWT, and quality of life assessment, using the Visual Analogue Scale (VAS) and the Kansas City Cardiomyopathy Questionnaire (KCCQ), at baseline upon stabilization of HF prior to administration of treatment. Physical examination, blood sampling, 6MWT, VAS, and the KCCQ are repeated after 4 and 12 weeks. In addition, the KCCQ is performed via phone call 1 week after study drug administration. The KCCQ has been validated for use in English, Chinese, Malay, and Tamil language versions, and licenses have been obtained for all versions used within our study.
Study endpoints
The primary endpoint is change in 6MWT distance over the 12-week period. The secondary endpoints are the following:
-Change in quality of life as assessed by the KCCQ and VAS at Weeks 4 and 12 -Change in New York Heart Association (NYHA) functional class at Weeks 4 and 12 -HF readmission -Adverse effects reported during the study Study personnel blinded to treatment allocation were responsible for questionnaire administration and conduct of 6MWT.
Statistical considerations
Sample size Sample size calculations are based on the 6MWT distance throughout the study period following study drug administration. Assuming a mean difference of 40 m in 6MWT between treatment arms and a standard deviation of 60 m, with an autocorrelation coefficient of 0.6, then based on a repeated measures study design with one pre-intervention and two post-intervention measurements, a minimum sample size of 25 per group, or 50 in total, would have a 90% power to detect the hypothesized difference at two-sided alpha of 5%.
Statistical analysis
The mixed model will be implemented to evaluate the effect of i.v. iron therapy compared with placebo on change in exercise capacity over time as assessed by the 6MWT at baseline, 4th week, and 12th week after administration of treatment. This approach takes into account possible intra-subject correlation arising from repeated measures on exercise capacity. Intravenous ferric carboxymaltose in Asian heart failure Similarly, the effect of i.v. FCM compared with placebo on change in KCCQ quality of life dimensions will be evaluated using the mixed model, with adjustment made for potential confounders as necessary.
A comparison of NYHA functional class at Week 12 between treatment arms will be made using the χ 2 test. The ordinal logistic regression model will be implemented to adjust for potential confounders, including baseline NYHA functional class. The rate of HF hospitalization and adverse events will be summarized using proportions and compared between groups using Fisher's exact test. In addition, time to re-admission will be analysed with the logrank test and Cox proportional hazard regression and presented using Kaplan-Meier survival curves. All statistical analyses will be evaluated using STATA statistical software assuming a two-sided test at the 5% level of significance. The outcomes will be analysed on the basis of intention-to-treat.
Discussion
To our knowledge, the PRACTICE-ASIA-HF trial is currently the only clinical study assessing the role of a single-dose of i.v. iron in Asian HF patients with ID.
Compared with other interventional trials involving i.v. iron, PRACTICE-ASIA-HF shows several key differences as follows: (i) a simple dosing regimen of 1000 mg as a single dose; (ii) study subjects comprise an Asian population with three major ethnic backgrounds (Chinese, Malay, and Indian); and (iii) inclusion of HF patients regardless of LVEF.
A simplified dosing was utilized in PRACTICE-ASIA-HF for applicability in clinical practice. A single i.v. administration of 1000 mg of FCM was chosen as it is the minimum cumulative iron dose assuming baseline haemoglobin of ≥10 g/dL and body weight between 35 and 70 kg, which is the case in the majority of our Asian patients. 8 Moreover, the tested protocols of multi-dose i.v. iron administration in outpatient settings are not feasible in many countries in Asia, where resources for outpatient i.v. services are scarce. Under these circumstances, the inpatient setting is ideal for detecting and treating high-risk HF patients with ID.
We acknowledge that in subjects with lower baseline haemoglobin or those weighing more than 70 kg, this dose may potentially result in underdosing. Nonetheless, ID tends to be a chronic process resulting from an imbalance of iron intake vs. output via iron metabolism, with the exception of more rapid losses of iron as a result of bleeding. Following iron repletion, normal body iron stores total 3-4 g. Assuming a continued net loss of 1-3 mg per day due to an ongoing underlying aetiology (e.g. insufficient iron intake), it would theoretically require at least 6 months before the clinical impact of ID would be observed, and likely even longer (up to 24 months and beyond). We elected to persist with this common dosing regime for all study subjects as it is compatible with our study duration of 12 weeks and is practically feasible as a one-time dose in an outpatient setting.
We have previously shown that ethnic differences in Asian patients with HF contribute significantly to the prevalence of ID, where more than 80% of Indian HF patients had ID compared with 58% in Chinese HF patients. Current evidence suggests ethnic-specific practices as contributing factors, in particular, black tea consumption and vegetarianism that are common amongst Indians. Thankachan et al. demonstrated up to a 67% decrease in iron absorption following the consumption of two cups of black tea taken with a rice meal. 27 The role of diet as a contributor to ID certainly requires additional scrutiny within the population of Asian HF patients.
More recently, with advances in genome-wide association studies, the transmembrane protease, serine 6 gene (TMPRSS6) has been identified as an important regulator of iron homeostasis in the body. The minor allele of a single nucleotide polymorphism affecting TMPRSS6 in Caucasians leads to decreased levels of serum iron, transferrin saturation, haemoglobin, and mean corpuscular volume. Conversely, this allele was found to be the major allele in Asians, suggesting a genetic predisposition to ID in this population. [28] [29] [30] These fascinating differences between Caucasian and Asian populations deserve further investigation in order to shed light on the contribution of genetics to ID in Asian HF patients.
Conclusions
The PRACTICE-ASIA-HF is the first randomized controlled interventional trial in stabilized Asian patients with HF and ID. A single large dose of i.v. FCM is compared with placebo in improvement of 6MWT distance, quality of life, and NYHA functional class. Data obtained from this pilot study are expected to provide the framework for the efficacy of i.v. iron in the large population of Asian HF patients with ID, as well as shed light on iron replacement as a potential therapeutic option for those with HFpEF. Results from the PRACTICE-ASIA-HF will support the conduct of a larger-scale trial of i.v. iron replacement incorporating dietary and genetic factors contributing to ID.
